INTRODUCTION 15
Translation termination is an essential component of protein production. mRNA 16 translation is terminated when a stop codon is translocated into the ribosomal A site. Highly conserved recognition motifs of RF1 and RF2 are located in the vicinity of the 37 stop codons, but about 75Å distant from the catalytic center (Korostelev, 2011). These 38 motifs (PxT in RF1 and SPF in RF2) were thought to be responsible for the specificityof stop codon recognition by the release factors and therefore named 'tripeptide 40 anticodons', analogous to the anticodons of tRNAs (Ito et al., 1996 (Ito et al., , 2000 . 41
Class II release factor RF3 was shown to affect accuracy partly (Freistroffer et al., 42 2000). Further, it was shown that depletion of the ribosomal protein L11 from an RC 43 increases the accuracy of translation termination with RF1 but not RF2 (Bouakaz et 44 al., 2006). The accuracy of translation termination is mostly thought to be due to the 45 extensive interaction network between class I release factor, stop codon, and rRNA 46 (Sund et al., 2010) . 47
The strictly conserved GGQ motif is essential for ester bond hydrolysis, as shown by 48 studies where mutations within the GGQ motif disrupted translation termination in vitro 49 release factors where the GGQ motif is altered to GGA are still able to induce 55 translation termination in vitro (Shaw and Green, 2007; Zavialov et al., 2002) . On the 56 other hand, methylation of the class I release factors is essential for cell viability in 57 minimal media (Mora et al., 2007) . As mentioned earlier, methylation increases the 58 maximum rate of peptide release (kcat) (Indrisiunaite et al., 2015), but the magnitude 59 of the kcat increase was shown to depend on the nature of the amino acid on the tRNA 60 occupying the P site (Pierson et al., 2016) . 61
The actual ester bond hydrolysis occurs via a coordination of a nucleophilic hydroxide 62 molecule by the GGQ motif into the PTC. Crystal structures of class I release factors 63 indicate a difference between the positioning of the methylated and non-methylated 64 glutamine residue within the PTC (Pierson et al., 2016) . 65
Although RF1 and RF2 share high sequence and structural similarity, they have 66 different codon specificities. RF1 recognizes the stop codons UAA and UAG, whereas 67 RF2 recognizes the stop codons UAA and UGA (Scolnick et al., 1968) . 68
RESULTS & DISCUSSION 69
In this study, I investigated the methylation of the GGQ glutamine as an additional 70 factor that might enhance the accuracy of translation termination in vitro. The accuracy 71 of a reaction is defined as the ratio of the efficiency (kcat / KM) of a cognate to a non-72 cognate reaction (Freistroffer et al., 2000) . When the ratio of cognate and non-cognate 73 reaction is one, accuracy is non-existent, meaning no discrimination between the 74 cognate and non-cognate substrate are observable. I systematically determined the 75 kcat and KM parameters for release factors on various purified release complexes 76 (Korkmaz and Sanyal, 2017) containing cognate and non-cognate codons in A site 77 and compared the resulting accuracy with the reactions involving methylated (mRF1 78 or mRF2) and non-methylated (RF1 or RF2) release factors (Table 1 and Figure 1 and 79 2). UAA was used as the cognate codon in all experiments, while UAG and UGA were 80 used as the non-cognate substrates for RF1 and RF2 respectively since these codons 81 allow discrimination similar to non-cognate sense codons (Freistroffer et al., 2000) . 82
The determined cognate kcat parameters were in agreement with previous data for non- release for mRF1 on its cognate UAA codon and a 5-fold increase in the maximum 87 rate of tritium-labeled fMet ( 3H fMet) release on the non-cognate codon UGA. However, 88 it should be noted that for the cognate reactions, the KM values for reactions with either 89 mRF1 or RF1 were below the detection limit of 5 nM. Thus, the real difference in KM 90 might be much larger than what could be measured in these experiments. In Table 1  91 the estimated KM parameters are listed. The KM value form RF1 on UGA decreased 92 by 3-fold, from 164 nM to 48 nM, when methylation was missing. These resulted in anaccuracy of 25 for RF1 on UGA. When RF1 was methylated, the accuracy increased 94 to 90 (an increase of over 3.5-fold) (Table 1) . 95
The effect of methylation on the translation termination accuracy was even more 96 pronounced with RF2 on the non-cognate UAG codon. With methylation, the kcat 97 increased 2.6-fold for the non-cognate substrate and nearly 16-fold for the cognate 98 substrate (UAA). The accuracy of translation termination increased 5-fold, from 13 to 99 68, when RF2 was methylated. 100
As mentioned earlier, it is not surprising that the maximum rate of 3H fMet release 101 increased in all cases; however, unexpectedly, the KM parameters were also affected 102 by release factor methylation. For RF1 and mRF1, the change in KM (Table 1) Tables  209   Table 1 Comparison of Michaelis-Menten parameters and accuracy measurements of 210 methylated and non-methylated class I release factors. The E. coli K12 genes 211 encoding RF1 (prfA) and RF2 (prfB) were already available as clones in the pTRC and 212 pET11a vectors, respectively. The final construct pET11a-prfB encoded a prfB T246A 213 variant to enable the overexpression of an otherwise toxic RF2 (Uno et al., 1996) . Both 214 constructs contained C-terminal His6-tags. The release factor methyltransferase hemK 215 
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